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SYSTEM AND METHOD FOR COUPLING RECTIFIERS OF 
AN EXCITER TO THE ROTOR OF A MAIN GENERATOR 

FIELD OF THE INVENTION 
[0001] The present invention relates to high speed generators and, more 
particularly, to systems and methods for electrically coupling moving components 



on the rotors 



of such generators to other devices, such as aircraft systems. 



BACKGROUND OF THE INVENTION 
[0002] Generator systems that are installed in aircraft may include three 
separate brushless generators, namely, a permanent magnet generator (PMG), an 
exciter and a main generator. The PMG includes permanent magnets on its rotor. 
When the PMG rotates, AC currents are induced in stator windings of the PMG. 
These AC currents are typically fed to a regulator or a control device, whtch m 
ton, outputs a DC current. This DC current next is provided to stator windings of 
the exciter. As the rotor of the exciter rotates, three phases of AC current are 
wpically induced in the rotor windings. Rectifier circuits that rotate with the rotor 
of the exciter rectify mis three-phase AC current, and the resulting DC currents 
are provided to the rotor windings of the main generator. Finally, as the rotor of 
the main generator rotates, three phases of AC current are typically induced m us 
stator windings, and mis three-phase AC output can then be provided to a load 
such as, for example, electrical aircraft systems. 

( 00031 Because the generators installed in aircraft will often be variable 
frequency generators that rotate in the speed range of 12,000 rpm to 24,000 rpm, 
large centrifugal forces are imposed upon the rotors of the generators. 
Consequently, the rotors should be robust enough to tolerate such forces over long 
periods of time, and also be precisely balanced to minimize inefficiencies and the 
risk of failures associated with improper balancing. Designs that strictly define 
fiie positioning and allowable tolerances of components within the generator 
rotors are therefore important, and manufacturing processes for the assembly of 
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components likewise should be performed within rigorously predefined 



tolerances. 



[00041 Several aircraft generator components are employed to provrde DC 
current from the rectifier circuits of the exciter to the rotor windings of the mam 
generator. The exciter itself typically provides three phases of AC current that 
should be independently rectified by respective rectifier circuits and men provtded 
to the rotor windings. In one conventional system, three sets of electrical 
connections between the rectifier circuits and the rotor windings aUow current to 
pass therebetween. These electrical connections between the rotor windings and 
the rectifier circuits are provided merely by extending the wire windings from the 
rotor directly to the rectifier circuits. 

[00051 This conventional system has certain drawbacks that reduce the 
overall reliability and balancing of the generators. In particular, because the 
connections between the rectifier circuits and the rotor of the main generator axe 
provided by wires, the wire connections over time can become weakened or even 
break due to the repeated application of strong centrifugal forces. Although m 
certain embodiments the wire extensions may be secured by glne or another 
fastener to the central shaft of the rotor, the process of securing the wtre 
extensions during manufacturing of the rotor can be laborious and/or tmprectse, 
potentially leading to improperly-balanced rotors. Further, i, may be the case that 
only certain portions of the wire extensions are actually secured, whde other 
portions of the wire extensions remain free to move and bend as the generator 
rotates. This tends to reduce the reliability of the rotors and can also lead to 
improper balancing of the rotors. 

[0006] THUS, there is a need for a high-speed generator with an improved 
coupling to connect the DC power output from the rectifier circuits of the excrters 
with the rotor windings of the main generators in order to provide improved 
balance and/or improved reliability and/or more convenient manufacture of the 
generator. The present invention fulfills this need and provides one or more of the 
foregoing advantages. 



SUMMARY OF THE INVENTION 
[00071 The present inventors have reeognized that the rotor windings ean 
be eoupled to conductive rings that are fixed with respect to the rotor instead of 
being eoupled directly to each of the individual rectifier circuit, The conducive 
rings can in turn be designed to include fixed terminals mat interface directly wrth 
me rectifier circuits at the positions at which those circuits are located. By 
employing fixed conductive rings that interface with rectifier circuits a. the 
particular locations at those circuits, the positional variability associated w,th w,re 
extensions is eliminated so that the rotor has greater robustness and less likehhood 
of being or becoming improperly balanced. Additionally, the conductive rmgs are 
simple to manufacture and easy to install onto the remainder of the rotor. 

[00081 In particular, the present invention relates to a system in a generator 
assembly having an exciter and a main generator with a rotor, where the system ,s 
on the rotor and is for electrically coupling windings of the rotor to a plurality of 
DC sources on the exciter, and where each of the DC sources has a respective 
first-voltage terminal and a respective second-voltage terminal. The system 
includes a first conductive plate defining a first aperture and a second conducttve 
plate defining a second aperture. The first conductive plate is supported by the 
rotor includes a first rotor winding terminal by which the first conductive plate ,s 
electrically coupled to the windings, and includes a first plurality of termmals 
configured to be respectively coupled to the first-voltage terminals of the DC 
sources. The second conductive plate, which is supported by the rotor and « 
electrically insulated from the first conductive plate, includes a second rotor 
winding terminal by which the second conductive plate is electrically coupled to 
the windings, and includes a second plurality of terminals configured to be 
respectively coupled to the second-voltage terminals of the DC sources. Each of 
the first and second conductive plates is supported by the rotor so that each of the 
first and second apertures surround a shaft of the rotor. 



[0009] The present invention further relates to a system for electrically 
coupling a plurality of electrical devices on a first rotating machine component 
with a single electrical device on a second rotating machine component, where the 
first and second rotating machine components are in axial alignment and rotate at 
the same speed, and where each of the plurality of electrical devices and the single 
electrical device includes a respective first terminal and a respective second 
terminal. The system includes a first means for electrically coupling the first 
terminal of the single electrical device with the first terminals of the plurality of 
electrical devices, a second means for electrically coupling the second terminal of 
the single electrical device with the second terminals of the plurality of electrical 
devices, and a third means for insulating the first means from the second means. 
The first, second and third means are supported by at least one of the first and 
second rotating machine components. 

[0010] The present invention additionally relates to a method of coupling a 
plurality of rectifier circuits of an exciter with windings of a rotor of a main 
generator in a generator assembly so that DC power can be provided from the 
rectifier circuits to the windings. The method includes coupling a plate assembly 
onto the rotor, where the plate assembly includes at least a first conductive plate 
and a second conductive plate separated from one another by an insulating layer, 
and where the first and second conductive plates respectively define first and 
second apertures so that the first and second conductive plates can be positioned 
around a shaft of the rotor. The method further includes coupling the windings to 
a first terminal of the first conductive plate and also to a second terminal of the 
second conductive plate, and positioning the exciter in proximity to the rotor. The 
method additionally includes coupling a respective first-voltage terminal of each 
of the rectifier circuits to a corresponding terminal on the first conductive plate, 
and coupling a respective second voltage terminal of each of the rectifier circuits 
to a corresponding terminal on the second conductive plate. 

[0011] The present invention further relates to a generator assembly 
including an exciter, a shaft and a main generator. The exciter includes an exciter 



stator and an exciter rotor. The exciter rotor includes a plurality of DC sources 
each having a respective first-voltage terminal and a respective second-voltage 
terminal. The main generator includes a main stator and a main rotor with 
windings, and the exciter rotor and the main rotor are coupled by the shaft. The 
main rotor includes a first conductive plate defining a first aperture and a second 
conductive plate defining a second aperture. The first conductive plate is 
supported by the main rotor and includes a first rotor winding terminal by which 
the first conductive plate is electrically coupled to the windings and also a first 
plurality of terminals configured to be respectively coupled to the first-voltage 
terminals of the DC sources. The second conductive plate is supported by the 
rotor and electrically insulated from the first conductive plate. The second 
conductive plate includes a second rotor winding terminal by which the second 
conductive plate is electrically coupled to the windings, and a second plurality of 
terminals configured to be respectively coupled to the second-voltage terminals of 
the DC sources. 

Other features and advantages of the high speed generator will become 
apparent from the following detailed description, taken in conjunction with the 
accompanying drawings, which illustrate, by way of example, the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] Fig. 1 is a schematic showing components of a generator system 

including a permanent magnet generator (PMG), an exciter, and a main generator; 
[0013] Fig. 2 is an exploded, perspective view of one embodiment of the 

main generator (shown in cut-away) and exciter of Fig. 1; 

[0014] Fig. 3 is an exploded, perspective view of the main generator 

(shown in cut-away) of Fig. 1 and a plate assembly to be employed on the main 

generator in accordance with one embodiment of the present invention; 
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[0015] Fig. 4 is a perspective view of an alternate embodiment of the main 
generator of Fig. 1 incorporating a different plate assembly in accordance with 
another embodiment of the present invention; and 

[0016] Fig. 5 is a perspective view of the generator system of Fig. 1. 

DETAILED DESCRIPTION OF THE INVENTION 
[0017] Referring to Fig. 1, a schematic of an exemplary high speed 
generator system 100 that is commonly employed on aircraft is shown to include a 
permanent magnet generator (PMG) 1 10, an exciter 120, and a main generator 
130. As shown, the PMG 1 10 provides alternating current (AC) power output to a 
generator control unit 140, which in turn provides direct current (DC) power to a 
stator 150 of the exciter 120. A rotor 160 of the exciter 120 in turn provides AC 
power to a full wave bridge rectifier 170 that typically includes one or more 
rectifier circuits (see Fig. 2). The output from the full wave bridge rectifier 170 is 
DC power and is provided to a rotor 180 of the main generator 130, which in turn 
outputs AC power from a stator l90./~~*\ 

[0018] The generator system (lOO^ typically a variable frequency 
generator (VFG) capable of providing output power in a variety of frequencies 
(e.g., in the range of 350-750 Hz). It is to be appreciated, however, that this 
frequency range is merely exemplary of a preferred embodiment. Further, 
typically the output power from the stator 190 is three-phase AC power. The 
generator control unit 140 can regulate the power output based upon monitoring 
signals provided to it from monitoring devices 195. As shown in Fig. 1, 
commonly the PMG 1 10, the exciter 120 and the main generator 130 rotate along 
a single axis 198 at the same rotational speed, and typically at least the exciter and 
the main generator do so. The relative positioning of the PMG 110, exciter 120 
and main generator 130 can be modified in different embodiments such that the 
exciter is physically between the PMG 1 10 and the main generator 1 30. A 
perspective view of aphysical embodiment of the generator system 100 is 
provided in Fig. 5. 
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[0019] Turning to Fig. 2, an exploded, perspective view of one 
embodiment of the main generator 130 and the rotor 160 of the exciter 120 are 
shown. Exploded out from the rotor 160 of the exciter 120 in particular are three 
rectifier circuits 210a, b and c. Although the full wave bridge rectifier 170 is 
shown in Fig. 1, the rectifier circuits 210a-c can be any of a number of different 
types of rectifier circuits known to those skilled in the art, including full-wave 
rectifiers, half-wave rectifiers, or simply diodes, depending upon the embodiment. 
The rotor 160 includes windings 220 that provide three phases of AC power to flat 
connector plates 230a, b and c by way of respective wires 240a, b and c. 
Connectors 250a, b and c of the rectifier circuits 210a, b and c fit, respectively, 
onto the flat connector plates 230a-c so that the rectifier circuits can be affixed to 
the rotor 160 by way of locking nuts 260. 

[0020] In accordance with the present invention, the main generator 130 
includes a plate assembly 200 that is utilized to provide power from the rectifier 
circuits 210a-c to the windings (not shown) of the rotor 180 of the main generator 
130. As further described with respect to Fig. 3, the plate assembly 200 in one 
embodiment includes four circular plates with circular apertures in them, that is, 
four rings, although in alternate embodiments (such as that shown in Fig. 4) the 
plate assembly can include differently-shaped plates. The plates of the plate 
assembly 200 are concentric about a shaft 270 of the rotor 180. The rotor 160 of 
the exciter 120 fits, upon assembly of the generator assembly 100, onto the rotor 
180 such that the rotor 160 and the rotor 180 both rotate about the axis 198. Upon 
assembly of the rotor 160, each of the rectifier circuits 210a-c respectively extend 
axially (parallel to the axis 198) through the rotor so that respective pairs of 
terminals 280a, b and c on the rectifier circuits 210a, b and c contact the plate 
assembly 200. 

[0021] Specifically, the plate assembly 200 includes three pairs of 
terminals 290a, b and c (discussed further with respect to Fig. 3) that are designed 
to contact the terminals 280a, b and c, respectively and therefore receive DC 
power from the rectifier circuits 210a, b and c. Because each of the three phases 



of AC power provided at the rotor 160 to the rectifier circuits 210a-c are rectified 
into DC power, the output power from all of the rectifier circuits is provided to the 
same plate assembly 200. However, each of the pairs of terminals 280a-c of the 
respective rectifier circuits 210a-c includes a first terminal that is at a first (e.g., 
high) voltage potential and a second terminal that is at a second (e.g., low) voltage 
potential. Thus, each of the pairs of terminals 290a-c of the plate assembly 200 
includes a first terminal that is designed to receive DC power at the first voltage 
potential, and a second terminal that is designed to receive DC power at the 

second voltage potential. 

[0022] Referring to Fig. 3, the main generator 130 is again shown and the 
plate assembly 200 in particular is shown in an exploded view. As shown, the 
plate assembly in this embodiment includes four rings 310, 320, 330 and 340, 
which can be termed bus rings. The first and third rings, namely rings 310 and 
330, are made of a conductive material such as copper, while the second and 
fourth rings, namely rings 320 and 340, are made of an insulating or dielectric 
material, which is preferably capable of sustaining high temperatures. The four 
rings 310-340 preferably are preassembled together using an adhesive or other 
fastening mechanism, and then are affixed to the rotor 180 (specifically to the 
rotor's end cap) by way of insulating screws 350, which fit into respective holes 
360 on the plates and into holes 370 on the ro.top<^~^ 

[00231 Each of the conductive plate^lO J30jnclude three terminals 
290a-c for contacting the rectifier circuits 21 ^Specifically, the terminals 
290a-c located on the first conductive ring 310 are intended to contact those of the 
terminals 280a-c that are at the first voltage potential, while the terminals 290a-c 
on the third ring 330 are intended to contact those of the terminals 280a-c that are 
at the second voltage potential. Thus, each of the terminals 280a-c of the rectifier 
circuits 210a-c that are at the first voltage potential contact the first ring 310 
causing that ring to attain the first voltage potential, while each of the terminals 
280a-c that are at the second voltage potential contact the third ring 330 causing 
that ring to attain the second voltage potential. 
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[0024] The first ring 310 additionally has a first rotor winding terminal 
380 that is designed to be coupled to the rotor windings (not shown) of the rotor 
180, while the third ring 330 additionally has a second rotor winding terminal 390 
by which that conductive ring is coupled to an opposite end or ends of the rotor 
windings. Thus, the voltage differential between the first and third plates is also 
provided across the rotor windings such that DC current flows through the rotor 
windings. The rotor windings are coupled to the terminals 380, 390 by wiring 
leads or tabs 392 and 394, respectively. Given the voltage differential between 
the first and third rings 3 10 and 330, the second ring 320 acts to insulate the two 
conducting plates from one another. Additionally, the fourth plate 340 acts to 
insulate the third ring 330 from the remainder of the rotor 180. 

[0025] In Fig. 3, the terminals 290a-c are shown to be threaded terminals 
having round indentations or holes into which the terminals 280a-c of the rectifier 
circuits 210a-c can be screwed or otherwise attached. The terminals 290a-c are 
shown to be spaced equidistant from one another around the rings 310,330, both 
to conform to the spacing of the rectifier circuits 210a-c and for balancing 
purposes (although in alternate embodiments, the terminals can be spaced 
differently). Also in the present embodiment, the thickness of the rings 310-340 is 
narrow such that the overall thickness of the plate assembly 200 is small. 
Consequently, the terminals 290a-c of the third ring 330 need not be bent or 
otherwise extended so that those terminals are at the same axial position as the 
terminals 290a-c of the first ring 310. However, in alternate embodiments, the 
shapes or sizes of the terminals 290a-c can vary from those shown. Likewise, the 
first and second rotor winding terminals 380, 390 are shown in the present 
embodiment to be L brackets and to be approximately the same size and shape as 
one another, although in alternate embodiments the size and shape of these 
terminals can be varied from that shown. The leads 392, 394 can be attached to 
the terminals 380, 390 by any one of a variety of methods known to those skilled 
in the art, including by using adhesive or solder (often, brazed connections are 
employed). 
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[0026] Several advantages result from the use of the plate assembly 200 in 
communicating DC power from the rectifier circuits 210a-c to the windings of the 
rotor 180. First, the rings 310-340 are rigid and robust and capable of maintaining 
a reliable path for the communication of power between the rectifier circuits 210 
and the rotor windings even after long periods of high speed operation of the 
generator assembly 100. Second, because of the symmetry and robustness of the 
rings 310-340, the rotor 180 does not suffer from improper balancing due to the 
plate assembly 200. Third, because the rings 310-340 are highly regular in shape, 
and are thin pieces of material, the rings can be easily manufactured e.g., simply 
by stamping out these pieces. Usage of the plate assembly 200 introduces 
repeatability and inspectability into the generator assembly process. The usage of 
the rings 310-340 additionally helps to control unbalanced shifts of the wire 
windings (not shown) of the rotor 180. 

[0027] Turning to Fig. 4, an alternate embodiment of the main generator 
130 is shown that includes a different plate assembly 410 affixed to the rotor 180. 
In this embodiment, the plate assembly 410 includes first, second, third and fourth 
plates 420, 430, 440 and 450, respectively, each of which is substantially 
triangular and has a substantially triangular aperture in the middle of the 
respective plate so that the respective plate can be affixed around the shaft 270. 
The first and third plates 420, 440 are conductive while the second and fourth 
plates 430, 450 are made of an insulating material, and all four plates are affixed 
to the rotor by way of insulating screws 460. The first and third plates 420, 440 
each include three tabs 470a-c that are used to connect the plates to rectifier 
circuits of the exciter (as shown in Fig. 2). As with respect to the plate assembly 
200 of Figs. 2 and 3, the tabs 470a-c of the first plate 420 are configured to be 
connected to the terminals 280a-c of the rectifier circuits 210a-c that are at the 
first voltage, while the tabs of the third plate 440 are configured to be connected to 
the terminals of the rectifier circuits that are at the second voltage. Additionally, 
the first and third plates 420, 440 respectively have first and second rotor winding 
terminals 480, 490 for coupling the respective plates to the windings (not shown) 
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of the rotor 180. Thus, the plate assembly 410 of the embodiment of Fig. 4 is 
almost identical in structure and operation in comparison with the plate assembly 
200 except in so far as the plate elements are substantially triangularly-shaped 
elements as opposed to circular rings. 

[0028] A variety of alternate embodiments of the plate assembly 200 
besides those shown in Figs. 2-4 are also possible. For example, the elements of 
the plate assembly can have a different shape than either rings or triangles, 
although the shapes used should typically be symmetrical to maintain balancing of 
the rotor during operation. Although the plate elements of the plate assembly 
typically have a uniform thickness, in alternate embodiments their thickness need 
not be uniform (and also need not be particularly thin). Although screws such as 
the screws 350 and 460 can be utilized to affix the plate assembly to the rotor, in 
alternate embodiments other fastening mechanisms can be employed, including 
adhesives, to affix the plate assembly to the rotor. Additionally, although the 
terminals 290a-c and 470a-c are shown to be rounded, tab-like terminals with 
threaded holes for receiving the corresponding terminals of the rectifier circuits, in 
alternate embodiments other structures for allowing coupling between the rectifier 
circuits and the plate assembly can be used. The apertures within the plate 
elements need not have the same shapes as the plates themselves. 

[0029] In certain embodiments, the power produced by the exciter 120 
need not be three-phase power, and in such embodiments the number and type of 
terminals 290 and 470 can vary from three terminals. The number of poles of the 
rotor (a four-pole rotor is shown in Fig. 2) can also vary depending upon the 
embodiment, and the invention further can be employed with respect to a variety 
of different generators, motors, and other rotating machines. Also, the shapes and 
types of terminals 380, 390, 480 and 490 can vary from those shown depending 
upon the embodiment. Further, in certain embodiments, the insulating rings 320, 
340 or plates 430, 450 can be replaced with other insulators such as insulating 
adhesives or films. Additionally in alternate embodiments, the fourth ring 340 or 
fourth plate 450 (or other insulator) are not employed since the third ring 330 or 
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plate 440 are insulated from the rotor 180 by some other mechanism. Usage of a 
plate assembly such as the plate assembly 200 or plate assembly 410 is 
particularly effective when the plate assemblies are assembled prior to their being 
affixed to the rotor 180. 

[0030] While the invention has been described with reference to a 
preferred embodiment, it will be understood by those skilled in the art that various 
changes may be made and equivalents may be substituted for elements thereof 
without departing from the scope of the invention. In addition, many 
modifications may be made to adapt the teachings of the invention herein to a 
particular situation without departing from the essential scope thereof. Therefore, 
it is intended that the invention not be limited to the particular embodiment 
disclosed as the best mode contemplated for carrying out this invention, but that 
the invention will include all embodiments falling within the scope of the 
appended claims. 



